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(57) Abstract: 

PURPOSE: To attempt to improve spraying efficiency and 
to make the ami of spraying large by providing a lot of 
holes in an oscillating part surrounded by a fixed part 
fixed by means of a piezoelectric oscillator and making 
at least a part of the oscillating part into a curved 
structure. 

CONSTITUTION: When a composite body consisting of a 
piezoelectric oscillator 1 and an oscillating body 2 is 
driven, the piezoelectric oscillator 1 is oscillated and 
the oscillation is transmitted to the oscillating body 
2. A liq. fed to the lower face of the oscillating body 
2 being brought into contact with a liq. holding 
material 3 is sprayed through holes provided in the 
oscillating body 2 according to oscillation of the 
oscillating body 2. The direction of spraying can be 
diverged as the central part of the oscillating body 2 
is curved into a concave or convex curved structure, 
with which the liq. holding material is brought into 
contact A simple and lightweight structure can be obtd. 
thereby and spraying efficiency, a large amt of 
spraying and fineness and uniformity of the sprayed 
particle can be improved thereby, too and the direction 



of spraying can be diverged or converged. 
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* * NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] In the ultrasonic atomization equipment which atomizes a liquid by the elastic vibration which the 
piezoelectric transducer was made to generate with the ultrasonic exciter which comes to fix an oscillating object Said 
piezoelectric transducer consists of piezoelectric ceramics and the electrodes A and B currently formed in the both- 
ends side perpendicular to the thickness direction of these piezoelectric ceramics, respectively. Said piezoelectric 
ceramics It has the through hole penetrated in parallel with the thickness direction of these piezoelectric ceramics, and 
the form of a cross section perpendicular to said thickness direction constitutes frame type structure. Said thickness 
lay length, A ratio with the minimum distance of a said frame type rim and a common-law marriage is equal to about 
1 . Said oscillating object The fixing section which has prepared opening of said through hole in the interior of a wrap 
location or this through hole at at least one place, and fixed to said piezoelectric transducer, It is ultrasonic 
atomization equipment which consists of the oscillating section surrounded by this fixing section, has established 
many holes in said oscillating section, and is characterized by said a part of oscillating section [ at least ] having 
constituted curve structure. 

[Claim 2] Ultrasonic atomization equipment according to claim 1 characterized by said frame type being in a circle. 
[Claim 3] It is ultrasonic atomization equipment according to claim 1 or 2 which a means to supply said liquid to said 
oscillating section is equipped with the liquid-retaining material which absorbs a liquid and supplies this liquid to said 
oscillating section, and is characterized by this liquid-retaining material being contacted by the crevice or heights of 
said curve structure. 

[Claim 4] Ultrasonic atomization equipment according to claim 1, 2, or 3 characterized by one opening area of said 
oscillating section and the opening area of another side in said hole differing from each other mutually. 
[Claim 5] The resonance frequency of said piezoelectric transducer is ultrasonic atomization equipment according to 
claim 1, 2, 3, or 4 characterized by being almost equal to the resonance frequency in the complex of this piezoelectric 
transducer and said oscillating object. 

[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the ultrasonic atomization equipment which atomizes a liquid by the 

elastic vibration generated with the ultrasonic exciter. 

[0002] 

[Description of the Prior Art] As conventional ultrasonic atomization equipment, the ultrasonic atomization 
equipment and the nebulizer adapting a suspension run undergarment mold trembler are mentioned. Although the 
atomization equipment by suspension run undergarment mold vibrator is a thing using the supersonic wave of the 
frequency of several 10kHz and has the advantage in which a lot of fog may be generated, its structure is complicated 
and has it in accordance with the demerit in which equipment is large-scale. On the other hand, a nebulizer is a thing 
using the supersonic wave of an MHz field, and although it has the advantage of a particle being minute and excelling 
in homogeneity, it has the demerit in which it is difficult to generate a lot of [ atomization effectiveness is bad and ] 
fog with low power. That is, with conventional ultrasonic atomization equipment, there was a difficulty in either the 
minute nature of atomization effectiveness, abundant atomization, and a particle, or drive power-source cost. 
[0003] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is seen from every field of being small and 
that the minute nature of atomization effectiveness, abundant atomization, and a particle and homogeneity, and 
equipment are lightweight, that structure is easy, and drive power-source cost to offer the ultrasonic atomization 
equipment whose satisfaction is possible. 
[0004] 

[Means for Solving the Problem] In the ultrasonic atomization equipment to which ultrasonic atomization equipment 
according to claim 1 atomizes a liquid by the elastic vibration which the piezoelectric transducer was made to 
generate with the ultrasonic exciter which comes to fix an oscillating object Said piezoelectric transducer consists of 
piezoelectric ceramics and the electrodes A and B currently formed in the both-ends side perpendicular to the 
thickness direction of these piezoelectric ceramics, respectively. Said piezoelectric ceramics It has the through hole 
penetrated in parallel with the thickness direction of these piezoelectric ceramics, and the form of a cross section 
perpendicular to said thickness direction constitutes frame type structure. Said thickness lay length, A ratio with the 
minimum distance of a said frame type rim and a common-law marriage is equal to about 1. Said oscillating object 
The fixing section which has prepared opening of said through hole in the interior of a wrap location or this through 
hole at at least one place, and fixed to said piezoelectric transducer, It consists of the oscillating section surrounded by 
this fixing section, many holes are established in said oscillating section, and it is characterized by said a part of 
oscillating section [ at least ] having constituted curve structure. 

[0005] Ultrasonic atomization equipment according to claim 2 is characterized by said frame type being in a circle. 
[0006] A means by which ultrasonic atomization equipment according to claim 3 supplies said liquid to said 
oscillating section is equipped with the liquid-retaining material which absorbs a liquid and supplies this liquid to said 
oscillating section, and this liquid-retaining material is characterized by being contacted by the crevice or heights of 
said curve structure. 

[0007] Ultrasonic atomization equipment according to claim 4 is characterized by one opening area of said oscillating 

section and the opening area of another side in said hole differing from each other mutually. 

[0008] Ultrasonic atomization equipment according to claim 5 is characterized by the resonance frequency of said 

piezoelectric transducer being almost equal to the resonance frequency in the complex of this piezoelectric transducer 

and said oscillating object. 

[0009] 



[Function] At the time of use of the ultrasonic atomization equipment of this invention, the AC signal which has a 
frequency almost equal to the resonance frequency of the complex of said piezoelectric transducer and said oscillating 
object is impressed to said piezoelectric transducer, and said piezoelectric transducer is excited. Excitation of said 
piezoelectric transducer vibrates said oscillating object. The liquid supplied to said oscillating object is atomized 
through the hole established in said oscillating section. The minute nature of a particle and homogeneity can be urged 
to the atomization which lets a hole pass, and, moreover, it can increase atomization effectiveness. Moreover, a lot of 
atomization can not only be realized with a low power, but can make the miniaturization of equipment easy from 
atomization effectiveness being high. Since a self-excitation type drive is also possible and a drive by the cell is also 
easy, a drive with a low power is attained in the form where it can respond to an environmental variation. Moreover, 
since it has constituted curve structure, if said a part of oscillating section [ at least ] is possible, it can close emission 
of a fog's existence region. 

[0010] Said piezoelectric transducer consists of piezoelectric ceramics and the electrodes A and B currendy formed in 
the both-ends side perpendicular to the thickness direction of said piezoelectric ceramics, respectively. Alternating 
voltage is impressed to said piezoelectric transducer through these electrodes A and B, and said piezoelectric 
transducer is excited. Ultrasonic atomization equipment can be miniaturized by adoption of the piezoelectric 
transducer of such easy structure, and, moreover, a liquid can be atomized at high effectiveness with this equipment. 
[001 1] Since said piezoelectric ceramics have the through hole penetrated in parallel with the thickness direction of 
said piezoelectric ceramics, opening of said through hole is prepared in said oscillating object by at least one place 
inside the wrap location or this through hole, the vibrational energy of said piezoelectric transducer is efficiently 
spread on said oscillating object and said oscillating object is vibrated, atomization effectiveness can be increased. 
Since this oscillating section carries out combination vibration which was united with said piezoelectric transducer 
when the oscillating object of the part surrounded by the fixing part which has fixed to said piezoelectric transducer 
accomplishes the oscillating section, the liquid supplied to said oscillating section is atomized by the combination 
vibration, and stripping is carried out as a fog towards the upper part of said oscillating section. According to the 
synergistic effect of vibration of said oscillating section, and an operation of the hole established in said oscillating 
section, the atomization effectiveness of a liquid is promoted, and a misty yield increases, and the path of a particle 
becomes homogeneity. 

[0012] When the form of a cross section perpendicular to the thickness direction of said piezoelectric ceramics 
constitutes frame type structure and adopts the structure where a ratio with the minimum distance of said thickness 
lay length, and a said frame type rim and a common-law marriage is equal to about 1, the combination vibration of the 
complex of said piezoelectric transducer and said oscillating object is reinforced, and atomization effectiveness 
increases. Moreover, since the combination vibration of the complex of said piezoelectric transducer and said 
oscillating object is further reinforced by that said frame type is in a circle, atomization effectiveness increases 
further. 

[0013] A means to supply said liquid to said oscillating section is equipped with the liquid-retaining material which 
absorbs a liquid and supplies this liquid to said oscillating section. Said liquid-retaining material touches the crevice 
or heights of curve structure in said oscillating section. When said liquid-retaining material touches said crevice, the 
liquid supplied to said crevice is atomized towards the heights of said curve structure through the hole established in 
said oscillating section. Moreover, when said liquid-retaining material touches said heights, the liquid supplied to said 
heights is atomized towards the crevice of said curve structure through the hole established in said oscillating section. 
The atomization which lets a hole pass can control the direction of the fog which stimulates the minute nature of a 
particle, and homogeneity and it not only can moreover increase atomization effectiveness, but is atomized. That is, 
when said liquid-retaining material touches said crevice, the direction of the fog atomized is emitted, and when said 
liquid-retaining material touches said heights, it converges the direction of the fog atomized. 
[0014] Since one opening area of said oscillating section in said hole is larger than the opening area of another side, 
by using opening of one of these as an entrance side, and making another side into an outlet side, the passage area of 
the liquid of said hole decreases towards an outlet side from an entrance side. Therefore, when said liquid passes 
through said hole, said liquid receives wire drawing by said hole. Consequently, a atomization operation of a liquid is 
promoted by the synergistic effect of said wire drawing and vibration of said oscillating section, and a misty yield 
increases, and the path of a particle becomes homogeneity. 

[0015] By impressing an electrical potential difference in case the resonance frequency of said piezoelectric 
transducer becomes almost equal to the resonance frequency in the complex of this piezoelectric transducer and said 
oscillating object to said piezoelectric transducer, said oscillating object is excited efficiently, atomization 
effectiveness is promoted, and a misty yield increases further. 
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[0016] 

[Example] Drawing 1 is the sectional view showing one example of the ultrasonic atomization equipment of this 
invention. This example consists of a piezoelectric transducer 1, the oscillating object 2, and a liquid-retaining 
material 3. To the piezoelectric transducer 1, the terminal which consists of copper foil has fixed with 
electroconductive glue. The oscillating object 2 is formed in the piezoelectric transducer 1 . In drawing 1 , the power 
circuit and terminal which supply alternating voltage are excluded and drawn on the piezoelectric transducer 1 . Near 
the center of the oscillating object 2 is curving. The liquid-retaining material 3 touches the crevice where the 
oscillating object 2 curved, and supplies a liquid to the crevice from a liquid-retaining material 3 at the time of use. 
[0017] Drawing 2 is the perspective view showing the piezoelectric transducer 1 in the ultrasonic atomization 
equipment of drawing 1 . A piezoelectric transducer 1 consists of piezoelectric ceramics 1 1 and Electrodes D and G. 
It has the through hole which was cylindrical as for piezoelectric ceramics 11, made the end face both sides 
perpendicular to the polarization shaft, respectively, and was penetrated in parallel with said polarization shaft. The 
quality of the material of piezoelectric ceramics 1 1 is TDK72A material (product name), and it is 6mm in the 
diameter of 24mm, and thickness, and said through hole is also cylindrical and the diameter is 12mm. Since the 
electromechanical coupling coefficient is large, TDK72A material is used for the example here. Electrode D and 
Electrode G are formed in said both-ends side, respectively. Terminal P is attached in Electrode D and Terminal Q is 
attached in Electrode G. 

[0018] Drawing 3 is a top view when seeing the complex which consists of a piezoelectric transducer 1 and the 
oscillating object 2 from a top face. The disc-like oscillating object 2 with which the center section curved is attached 
in the wrap location in opening of said through hole of the upper limit side of a piezoelectric transducer 1 . The 
oscillating object 2 is a product made from nickel, by the cyclic fixing section 12, was connected with the 
piezoelectric transducer 1 in one, and is fixed, and the oscillating object 2 surrounded by the fixing section 12 is 
making the oscillating section 13. The fixing section 12 has fixed to the piezoelectric transducer 1 through Electrode 
D. The diameter of said through hole is 0.05mm in 14mm and thickness. 

[0019] Drawing 4 is drawing showing the cross section of the oscillating section 13 which appears when it cuts at a 
flat surface perpendicular to a plate surface. The hole 20 of detailed a large number penetrated in the thickness 
direction is established in the oscillating section 13. The longitudinal-section configuration and dimension of a hole 
20 are shown by drawing 4 . The configuration of a hole 20 is a earthenware mortar-like, it uses the thing with one 
larger opening area than the opening area of another side in the example here, uses one opening as an entrance side, 
and makes another side the outlet side. The diameter of 0. 1mm and an outlet side of the diameter of an entrance side 
is 0.01mm, and the hole 20 is arranged in the equal pitch. 

[0020] Drawing 5 is the partial expansion top view of the oscillating section 13. The configuration, array, and 
dimension of a hole 20 are shown by drawing 5 . 

[0021] At the time of the drive of the ultrasonic atomization equipment of drawing 1 , if the AC signal which has a 
frequency almost equal to the resonance frequency of the complex of a piezoelectric transducer 1 and the oscillating 
object 2 is impressed to a piezoelectric transducer 1 through Terminal P and Terminal Q, a piezoelectric transducer 1 
will be excited. At this time, the frequency of that AC signal is mostly in agreement with one of the resonance 
frequency of piezoelectric transducer 1 simple substance. United with a piezoelectric transducer 1, combination 
vibration of the oscillating section 13 surrounded by the fixing section 12 with excitation of a piezoelectric transducer 

1 is carried out. The combination vibration of this oscillating section 13 functions effective in atomization of a liquid. 
Liquid absorption capacity is large and the liquid-retaining material 3 uses for the example here what has a low 
acoustic impedance compared with the piezoelectric transducer 1 . This is for controlling that the supersonic wave 
from a piezoelectric transducer 1 spreads and vanishes in a liquid through a liquid-retaining material 3, and vibrating 
the oscillating object 2 efficiently. The liquid absorbed by the liquid-retaining material 3 reaches the oscillating object 

2 of the part in contact with a liquid-retaining material 3, and is led to each hole 20 by capillarity. Since the passage 
area of the liquid of each hole 20 decreases towards an outlet side from the entrance side when said liquid passes 
through each hole 20, by the hole 20, said liquid receives wire drawing, serves as a minute and uniform particle, and 
flows into the outlet side of a hole 20. Consequently, the liquid which flowed out of the hole 20 by the elastic 
vibration of said wire drawing and the oscillating section 13 is atomized efficiently. According to the ultrasonic 
atomization equipment of drawing 1 , when applied voltage is 10.7V, the amount of atomization serves as [ a 
frequency ] max by 290.6kHz, the power consumption at that time is 320mW, and a current is 30mA. Moreover, in 
the whole equipment including a power source, power consumption is 642mW and a current is 60mA. 

[0022] 

[Effect of the Invention] Since a liquid is atomized passing through the hole established in the oscillating section 



http://www4.ipdl .ncipi .goj p/cgi-bin/tran_web_cgi_ejj e 



according to the ultrasonic atomization equipment of this invention, the minute nature of a misty particle and 
homogeneity can be urged. Furthermore, since it has constituted curve structure, if a part of oscillating section [ at 
least ] is possible, it can close emission of a fog's existence region. A lot of atomization can not only be realized with 
a low power, but can make the miniaturization of equipment easy from atomization effectiveness being high. Since a 
self-excitation type drive is also possible and a drive by the cell is also easy, a drive with a low power is attained in 
the form where it can respond to an environmental variation. 

[0023] By adopting the easy structure which consists of piezoelectric ceramics and the electrode currently formed in 
the both-ends side perpendicular to the thickness direction of the piezoelectric ceramics as a piezoelectric transducer, 
equipment can be miniaturized, moreover, a liquid can be atomized at high effectiveness, and a drive with a low 
power is attained. 

[0024] When it has the through hole penetrated in parallel with the thickness direction of the piezoelectric ceramics as 
piezoelectric ceramics, and the form of a cross section perpendicular to the thickness direction constitutes frame type 
structure and adopts the structure where a ratio with the minimum distance of thickness lay length, and a frame type 
rim and a common-law marriage is equal to about 1, the combination vibration of the complex of a piezoelectric 
transducer and an oscillating object is reinforced. Therefore, the vibrational energy of a piezoelectric transducer is 
efficiently spread on an oscillating object, an oscillating object is vibrated, and atomization effectiveness increases. 
Furthermore, since the combination vibration of the complex of a piezoelectric transducer and an oscillating object is 
further reinforced by adopting structure in a circle as a frame type, atomization effectiveness increases further. 
Moreover, since the vibrational energy of a piezoelectric transducer is efficiently spread on an oscillating object and 
an oscillating object is vibrated by adopting the structure of preparing opening of a through hole for an oscillating 
object in a wrap location or the interior of a through hole at at least one place, atomization effectiveness can be 
increased. Moreover, since an oscillating object changes in the fixing section which has fixed to the piezoelectric 
transducer, and the oscillating section surrounded by the fixing section, the oscillating section carries out combination 
vibration which was united with the piezoelectric transducer. Therefore, the solution supplied to the oscillating 
section is atomized by the combination vibration, and stripping is carried out as a fog towards the upper part of the 
oscillating section. Vibration of the oscillating section raises the atomization effectiveness of a liquid, and increases a 
misty yield. In addition, the minute nature of a misty particle can be further improved by using two or more 
oscillating objects. 

[0025] Since the amount of atomization will also increase along with it if applied voltage is made to increase, if an 
electrical potential difference is changed according to the purpose, the amount of atomization is freely changeable. 
[0026] When it has a liquid-retaining material for sucking up a liquid as a means to supply a liquid to the oscillating 
section, and supplying the oscillating section and the liquid absorption capacity of sponge and others, large moreover, 
adopts the matter with an acoustic impedance lower than a piezoelectric transducer as the liquid-retaining material 
Since it not only can supply a liquid efficiently without futility, but propagation into the liquid of the supersonic wave 
from a piezoelectric transducer is intercepted and the propagation to the liquid-retaining material of excitation of a 
piezoelectric transducer itself is controlled, excitation of a piezoelectric transducer can vibrate a diaphragm 
efficiently. Therefore, the atomization effectiveness of a liquid is raised, moreover, abundant atomization of the liquid 
in a low power is enabled, is united, and the miniaturization of equipment can also be realized easily. 
[0027] By adopting the structure of contacting a liquid-retaining material to the crevice of the curve structure in the 
oscillating section, the liquid supplied to the crevice is atomized towards the heights of curve structure, passing 
through the hole established in the oscillating section. The atomization which lets a hole pass can emit the direction of 
the fog which stimulates the minute nature of a particle, and homogeneity and it not only can moreover increase 
atomization effectiveness, but is atomized. By adopting the structure of contacting a liquid-retaining material to the 
heights of the curve structure in the oscillating section, the liquid supplied to the heights is atomized towards the 
crevice of curve structure, passing through the hole established in the oscillating section. The atomization which lets a 
hole pass can converge the direction of the fog which stimulates the minute nature of a particle, and homogeneity and 
it not only can moreover increase atomization effectiveness, but is atomized. 

[0028] Since the passage area of a liquid decreases towards an outlet side from the entrance side of the hole, when a 
liquid passes through a hole by adoption of the structure which uses opening of one of these as an entrance side, and 
makes opening of another side an outlet side since one opening area of the hole established in the oscillating section is 
larger than the opening area of another side, a liquid receives wire drawing by the hole. Consequently, a atomization 
operation of a liquid is promoted by the synergistic effect of wire drawing and vibration of the oscillating section, and 
a misty yield increases, and the path of a particle becomes homogeneity. 

[0029] By adopting the structure where the resonance frequency in the complex of a piezoelectric transducer and an 
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oscillating object becomes almost equal to the resonance frequency of a piezoelectric transducer simple substance, 
since the combination vibration of the complex of a piezoelectric transducer and an oscillating object reinforces, a 
misty yield increases further. 



[Translation done.] 
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